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Abstract

(ES=1.61; 95% Cl: 1.36,1.87, P<0.001).

ASs.

Introduction: Overweight and obesity are prevalent worldwide and hence it can be considered as a global epidemic. Artificial
sweeteners (ASs) are suggested to decrease energy intake and prevent obesity, however, the results of meta-analyses are inconsistent.
Therefore, this umbrella meta-analyses was conducted to resolve these discrepancies and offer definitive evidence on the impact
of ASs on body weight (BW), body mass index (BMI), and energy intake.

Methods: PubMed, Scopus, EMBASE, and Web of Science were systematically searched from inception up to March 2023. Meta-
analyses studies investigating the effect/association of AS on/with BW, BMI, and energy intake were included. Random-effects
model was used for performing a meta-analysis. Subgroup analyses were carried out based on various independent variables. The
quality of the included meta-analyses was evaluated using the AMSTAR2 questionnaire.

Results: In this umbrella review, 12 meta-analyses were included. The findings from the umbrella meta-analysis of interventional
studies showed that AS consumption significantly reduced BW according to standardized mean difference (SMD) analysis
(ES=-0.38; 95% CI: -0.56, -0.20, P<0.001), but not when using the weighted mean difference (WMD) (ES=-0.45; 95% Cl: -1.15,
0.24, P=0.20). Also, AS did not affect the energy intake (ES=-0.28; 95% Cl: -1.15, 0.59, P=0.59) based on WMD. However, AS
significantly reduced BMI (ES=-0.28; 95% Cl: -0.40, -0.15, P<0.001) based on WMD analysis. Conversely, the umbrella meta-
analysis of observational studies found that consuming ASs was associated with a 61% augmented risk of obesity and overweight.

Conclusion: Despite observational studies, interventional studies show the benefits of ASs consumption. Future studies should be
conducted focusing on the dose, types, and formulations of ASs, and more importantly, short-term and long-term consumption of
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Introduction
Overweight and obesity are prevalent worldwide and
hence it can be considered as a global epidemic. Obesity
is defined by an excessive augmentation of body fat
that negatively impacts an individual’s health." It is a
significant public health concern contributing to various
chronic disorders like cardiovascular diseases and diabetes
mellitus.? Obesity also increases cancer risk.’ There are
numerous adverse effects of obesity including depression,
anxiety, the feeling of low esteem, and loss of self-
confidence.* Moreover, obesity reduces the life expectancy
of people.® The chronic adverse effects of overweight and
obesity affect the economy of an individual and the nation.
Direct health care costs play a crucial role in the treatment
of obesity and related disorders.®

Consumption of sugar adds fuel to this obesity condition’
and hence there is an increased use of artificial sweeteners
(ASs) like sucralose, aspartame, stevia, and saccharin

among the public.® ASs give the satisfaction of eating
sugar with no calories. They also can be recommended
as a source of reduced sugar intake and hence to reduce
body weight (BW).° Strategies to reduce obesity should
concentrate on both decreasing the intake of energy and
rising the expenditure of energy. Consumption of low-
energy foods is a way of reducing intake of energy and
weight loss. Substituting sugar with ASs would also help
people in decreasing their energy intake.'

Animal studies have suggested that intake of ASs for
a longer duration would result in increased food intake,
adiposity, and weight gain.'’ Human studies have also
reported that ASs may exhibit serious consequences on
the metabolism of glucose and control of appetite.!? The
Academy of Nutrition and Dietetics proposed that ASs
will reduce the intake of energy which in turn helps to
reduce BW." In contrast, They have been associated with
obesity and increased weight.'* A meta-analysis conducted
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Artificial sweeteners and anthropometric indices

previously provided conflicting results. RCTs reported
benefits of ASs in losing weight and observational studies
reported a slight increase in body mass index (BMI)."”

Clinical practice guidelines have suggested substituting
high-calorie sweeteners with ASs to reduce the intake of
energy.® Even though people started to consume ASs in
recent times, obesity persists and hence there is a conflict
on the part of ASs on obesity. ASs were suggested as an
alternative to sugar substitutes and were proposed to be
healthier.'® The association between ASs and chronic
disorders like hypertension, obesity, and diabetes
remains controversial.'”” Therefore, a comprehensive
understanding of the role of ASs in weight management
and energy intake is essential. In adults, ASs when
compared with water, leads to decreased BW and energy
intake.!® In contrast to this, two meta-analyses have
reported that no clear and significant evidence exists
between the use of ASs and BW.!**

Hence this umbrella meta-analysis was conducted to
overcome this conflict and provide clear evidence on the
effect of ASs on BW, BMI, and energy intake and hence its
role in obesity. The objectives were to compare the effect
of ASs with sugar, water, and placebo.

Methods

This umbrella meta-analysis was conducted following
the guiding principle of the Preferred Reporting Items
for Systematic Reviews and Meta-analysis (PRISMA), as
indicated by reference.?'

The search strategy of literature

We searched for relevant articles in international
scientific databases including PubMed, Scopus, EMBASE,
and Web of Science. The search covered all articles from
the inception of each database up to March 2023. The
search strategy was devised based on the following MeSH
terms and keywords: ((((“Sweetening Agents”[Mesh]
OR “Artificially Sweetened Beverages’[Mesh] OR
“Non-Nutritive Sweeteners”’[Mesh] OR “Stevia”[Mesh]
OR  “Saccharin”[Mesh] OR  “Cyclamates”[Mesh])
OR “Aspartame”[Mesh]) OR  (((((((((((“sweetening
agent”[Title/Abstract]) OR (“artificial sweetener”[Title/
Abstract])) OR  (“non-nutritive  sweetener”[Title/
Abstract])) OR  (sweetener[Title/Abstract])) OR
(stevia[Title/ Abstract])) OR (aspartame[Title/ Abstract]))
OR (saccharin[Title/Abstract])) OR (cyclamates[Title/
Abstract])) OR  (sucralose[Title/Abstract]))  OR
(acesulfame[Title/Abstract])) OR  (sweetened[Title/
Abstract]))) AND ((((((((((“Obesity”[Mesh]) OR “Obesity,
Abdominal’[Mesh]) OR “Obesity, Morbid”[Mesh]) OR (
“BodyWeight”[Mesh] OR “WeightLoss”[Mesh] OR “Body
Weight Changes”[Mesh] )) OR “Overweight”’[Mesh])
OR “Body Mass Index”[Mesh]) OR “Adiposity”[Mesh])
OR “Waist Circumference”’[Mesh]) OR “Waist-Hip
Ratio”[Mesh]) OR (((((((((((((((obesity[Title/ Abstract])

OR (“abdominal obesity”[Title/Abstract])) OR (“morbid
obesity”[Title/Abstract])) OR (obes*[Title/Abstract]))
OR (weight[Title/Abstract])) OR (“body weight”[Title/
Abstract])) OR (“weightloss”[Title/ Abstract])) OR (“body
weight changes”[Title/Abstract])) OR (overweight|[Title/
Abstract])) OR (“body mass index”[Title/Abstract])) OR
(adiposity[Title/Abstract])) OR (BMI[Title/Abstract]))
OR (“waist circumference”[Title/Abstract])) OR (“waist-
hip ratio”[Title/ Abstract])) OR (WHR[Title/Abstract]))))
AND (((meta-analysis[Publication Type]) OR (meta-
analysis[Title/Abstract])) OR (meta[Title/ Abstract]))
Additionally, the search was limited to articles published
in the English language. The wild-card term “*”
employed to enhance the sensitivity of the search strategy.

was

Inclusion and exclusion criteria

This umbrella meta-analysis included studies that
examined the effects of ASs on BW (Weighted mean
difference [WMD], Standardized mean difference
[SMD]), energy intake (WMD), BMI (WMD) along
with their corresponding confidence intervals (CIs).
Also, observational studies investigating the association
between AS and BW were included. Studies that were
excluded from the analysis comprised in vitro, in vivo, and
ex vivo studies, case reports, quasi-experimental studies,
and low-quality studies. The PICO criteria for the present
umbrella meta-analysis were as follows: Population/
Patients (P: people who were overweight, obese, diabetic
or pre-diabetic, and hypertensive); Intervention (I: ASs);
Comparison (C: sucrose, water, placebo); Outcome (O:
BW, energy intake, BMI).

Methodological quality assessment

Two reviewers independently assessed the methodological
quality of the included articles (SA, KP) using the
Assessing the Methodological Quality of Systematic
Reviews 2 (AMSTAR?2) questionnaire.” In case of any
discrepancies, the senior author (AO) was consulted
to arrive at a consensus. The AMSTAR2 questionnaire
comprises 16 items that are to be answered with “Yes”,
“Partial Yes”, “No”, or “Not a Meta-analysis”. The
AMSTAR?2 checklist was categorized into “Critically low
quality”, “Low quality”, “Moderate quality”, and “High
quality”. Meta-analyses with a score of 7 or higher were
of high quality.

Study selection and data extraction

Two reviewers screened the articles for eligibility (SA, KP)
working independently. Initially, authors were reviewed
title and abstract, followed by a thorough evaluation
of the full text of relevant articles to determine their
eligibility for inclusion in the umbrella meta-analysis. Any
discrepancies were resolved through consultation with
a third author (AO). From the selected meta-analyses,
information on the sample size, publication year , study
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location, type of ASs, type of comparator (sucrose, water,
placebo), duration of intervention, effect sizes (ESs) such
as WMD and standardized mean difference (SMD), and
corresponding Cls for BW, energy intake, BMI were
extracted in an Excel spreadsheet.

Data synthesis and statistical analysis

The pooled ES and its corresponding 95% CI were
estimated using random-effects models with the
restricted maximum likelihood (REML) method.?® The
I? statistic and Cochrane’s Q-test were utilized to identify
heterogeneity. We considered an I* value greater than
50% or a P value less than 0.1 for the Q-test as indicative
of substantial between-study heterogeneity.”® Separate
analyses were performed for each measure due to the
intrinsic differences between SMD and WMD. Subgroup
analyses were conducted to identify possible sources of
heterogeneity based on predefined variables such as the
number of included studies, intervention duration, study
quality, type of comparator, and sweetener. Sensitivity
analysis was utilized to determine the impact of individual
studies on the overall effect size. Stata, version 16 (Stata
Corporation, College Station, TX, US) was used to
conduct all statistical analyses. A P value less than 0.05
was considered statistically significant.

Results

Systematic review

The flowchart outlining the process of search is
depicted in Figure 1. This meta-analysis comprises a
collective of 12 meta-analyses published from 2006 to
2022.'319202432 During the screening of titles and abstracts,
454 studies were excluded. In the full-text screen of
twenty-five articles, one study was excluded because
of investigated pediatrics and children.® Five studies
lacked relevant data, while seven were not aligned with
our research objectives. Table 1 displays the included
studies’ characteristics.'>'*?432 average age of the study
participants ranged from 27 to 66 years. In the meta-
analysis of RCTs, the duration of interventions ranged
from 5 to 48 weeks. Most of the studies were conducted
on people who were overweight, obese, diabetic or
pre-diabetic, and  hypertensive.'?*423272832 Some
have investigated the effect of sweeteners in different
conditions and diseases.">?***?! Additionally, the number
of studies included in the analyzed meta-analyses ranged
from 2 to 29.

Risk of bias assessment

Table 2 provides a summary of the quality assessment
results of the meta-analyses using the AMSTAR2
questionnaire.!>9?232 Nearly all of the meta-analyses
included in the umbrella review were assessed as

Records identified through
database searching
(n =499)

Additional records identified
through other sources
(n=2)

Records after duplicates removed
(n= 479)

A 4

Title and abstract
screened

Records excluded(n = 454)
-Animal or cellular studies
-Other languages

A

Full-text articles assessed
for eligibility
(n=25)

Full-text articles excluded,
with reasons (n=1)
-did not provide informations

'

(n=5)
-Other irrelevant studies (7)

Studies included in
qualitative synthesis
(n=19)

Observational studies
(n=3)

Figure 1. The study selection process showed by the PRISMA flow chart
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Table 1. Study characteristics of included RCT and Observational studies

Citation No. of No. of Quality
. studies in ~ Health condition participants in  Age (year) Intervention assessment
(First author et al, year) . .
meta-analysis meta-analysis scale

Cochrane Collaboration

Miller and Perez 2014 15 Different conditions 1951 30 Low-calorie sweeteners . -
Risk of Bias tool
Azad et al, 2017" 7 Overweight & obese 1003 42 Artificially sweetened beverage Cf)chrang Collaboration
Risk of Bias tool
Toews et al, 2018 2° 5 Healthy & Overweight 229 NR Low-calorie sweeteners GRADE system
Anker et al, 2019 7 HTN & DM 460 NR  Stevioside Cochrane Collaboration
Risk of Bias tool
de la Hunty et al, 2006*° 16 Healthy & obese 430 NR Aspartame NR
;z(l)\ggia—!v\olma etal, 20 Different conditions 2999 NR Low-calorie sweeteners GRADE system
Lohner et al, 2020* 8 DM2 256 NR Low-calorie sweeteners GRADE system
McGlynn et al, 20222 17 Pre-DM and DM 1733 NR  Low-and no-calorie sweetened o\ e oo
beverages
h Il i
Rogers et al, 2021% 60 Different conditions 3335 NR Low-calorie sweeteners CPC rang Gl gifion
Risk of Bias tool
Santos et al, 2018* 12 DM and non-DM 1044 45 Aspartame GRADE system
Observational studies
Azad et al, 2017" 7 Overweight & obese 1003 42 Artificially sweetened beverage Newcastle-Ottawa Scale
Qin et al, 2020* 5 Different conditions 22390 NR Artificially sweetened drink Newcastle-Ottawa Scale
Ruanpeng et al, 2017%' 3 Different conditions 12 987 NR Artificially sweetened drink Newcastle-Ottawa Scale
Table 2. Results of assessing the methodological quality of meta-analysis
Stud Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13 Q14 Q15 Qle Aty
Y assessment
Miller et al, 20145 Yes  Partial Yes Yes Yes No No Yes Yes Yes Yes Yes Yes Yes Yes Yes No  Moderate
Azad et al, 2017" Yes  Yes Yes  Yes Yes Yes No Yes Yes Yes Yes Yes Yes Yes Yes No High
Toews et al, 20182° Yes Partial Yes Yes  Yes Yes  Yes No Yes Yes Yes Yes Yes Yes Yes Yes No Moderate
Anker et al, 2019% Yes Partial Yes Yes PartialYes No Yes No Yes Yes No Yes Yes Yes Yes Yes No  Moderate
de la Hunty etal, Yes  Yes Yes No No No No Yes No No Yes Yes No Yes Yes No Cifeel)7
2006% low
;;\gfia_MO[ma etal Yes Partial Yes Yes PartialYes Yes Yes No Yes Yes Yes Yes Yes Yes Yes No No Moderate
Lohner et al, 2020* Yes  Yes Yes PartialYes Yes Yes No Yes Yes Yes Yes Yes Yes Yes Yes No High
McGlynn etal, 2022%®  Yes  Partial Yes Yes PartialYes Yes Yes No Yes Yes Yes Yes Yes Yes Yes Yes No  Moderate
Qin et al, 2020 Yes Partial Yes Yes PartialYes Yes Yes No Yes No Yes Yes No No No Yes No Moderate
Rogers et al, 2020% Yes Partial Yes Yes PartialYes Yes Yes No Yes Yes Yes Yes Yes Yes Yes Yes No High
Ruanpeng etal, 2017%" Yes Partial Yes Yes PartialYes Yes Yes No Yes Yes No Yes Yes No Yes Yes No Moderate
Santos et al, 2018%* Yes  Partial Yes Yes PartialYes Yes Yes No Yes Yes No Yes Yes Yes Yes Yes No  Moderate

moderate-quality studies. Only one study was assessed
as critically low® and three as high-quality."”*** Among
the key domains assessed by AMSTAR2, item 7 was the
most frequently neglected in most studies, making it the
primary reason for the reduced quality ratings. At this
stage, authors should provide a list of excluded studies
along with justifications for their exclusion.

Effect of ASs on BW

Effect of ASs on BW in studies reporting WMD

The impact of ASs on BW was documented in nine meta-
analyses that reported WMD. The combined effect sizes
of the included studies did not show any significant

diminishingin BW (ES=-0.45;95% CI:-1.15,0.24,P=0.20)
(Figure 2A). Significant between-study heterogeneity
was observed. (I?=87.1 %, P<0.001) (Figure 2A). The
intervention duration, study quality, number of included
studies, type of comparator, and sweetener could
potentially responsible for sources of heterogeneity. In
a subgroup analysis of comparator type, AS significantly
reduced BW when compared to water. Interestingly, only
moderate-quality and low-quality studies demonstrated
a significant reduction in BW after AS consumption.
Additionally, the effect of AS in diminishing BW was
more pronounced in intervention duration of < 10 weeks
and in studies with>5 included studies (Table 3). The

77

BioSocial Health ) 2024; Volume 1, Number 2



Hamedi-Kalajahi et al

A

Figure 2. The Forest plot (A) and trimmed funnel plot (B) of effects of artificial sweeteners on body weight based on weighted mean difference analysis

sensitivity analysis revealed that excluding one study®
impacted the overall effect size, resulting in a significant
reduction in BW due to the effect of ASs (ES=-0.77;
95% CI: -1.15, -0.38). Upon visual examination of the
funnel plot (Figure 2B), an asymmetrical distribution of
studies was noted; consequently, trim and fill analysis was
performed (2 imputed studies) and the results were still
insignificant (ES=-0.54; 95% CI: 0.01, —0.26, P<0.05)

Effect of ASs on BW in studies reporting SMD

In the meta-analysis of ten included studies which reported
SMD, AS significantly reduced BW (ES=-0.38; 95% CI:
-0.56,-0.20, P<0.001) (Figure 3A). A significant between-
study heterogeneity was observed (I?=61.7 %, P=0.005)
(Figure 3A). The type of comparator, the number of
included studies, can be responsible for heterogeneity. Ina
subgroup analysis of comparator type, AS had a significant
BW reduction effect compared to sucrose. Also, both
moderate and high-quality studies, and included study
numbers of < 10 and 10 indicated a pronounced reduction
in BW after AS intervention. The results of the sensitivity
analysis revealed that no individual study significantly
influenced the overall effect size. Upon visual examination
of the funnel plot (Figure 3B), an uneven distribution of
studies was observed, prompting the conduct of trim and
fill analysis, which imputed one additional study. Despite
this, the results remained significant (ES=-0.39; 95% CI:
-0.57, -0.21, P<0.05).

Effect of ASs on energy intake in studies reporting WMD

AShas no significant effect on energy intake in the analysis
of four included studies (ES=-0.28; 95% CI: -1.15, 0.59,
P=0.59) (Figure 4). While, in subgroup analysis, energy
intake was reduced by AS consumption when compared
to sucrose (ES=-0.92; 95% CI: -1.66, -0.19, P=0.01)
(Table 3). A significant between-study heterogeneity
was found (I?°=83.3 %, P<0.001) (Figure 4A). The study
quality and comparator type might be potential sources
of heterogeneity. The exclusion of one study* affected
the overall effect size in the sensitivity analysis and the

effect of AS in reducing energy intake was significant
(ES=-0.69; 95% CI: -1.21, -0.18).

Effect of ASs on BMI in studies reporting WMD

The impact of ASs on BMI was examined in six meta-
analyses, revealing a significant reduction in BMI
attributed to AS consumption (ES=-0.28; 95% CI: -0.40,
-0.15, P<0.001) (Figure 4B). Additionally, the effect of AS
in diminishing BMI was more effective when compared
to sucrose (Table 3). No between-study heterogeneity
was observed. The sensitivity analysis revealed that no
individual study had a significant impact on the overall
effect size.

Effect of ASs on body fat in studies reporting WMD

AS significantly decreased body fat in a meta-analysis of
three included studies (ES=-0.72; 95% CI: -1.06, -0.37,
P<0.001) and between-study heterogeneity was not found
(Figure 5A). The results of sensitivity analysis indicated
that none of the studies affected the overall effect size.

Risk of obesity and over weight, and ASs

Three observational studies documented an association
between ASs and BW. In contrast to the findings
of interventional studies, the meta-analysis of three
observational  studies indicated that increased
consumption of ASs is significantly associated with a
heightened risk of obesity and overweight (ES=1.61;
95% CI: 1.36, 1.87, P<0.001) (Figure 5B). The results
of sensitivity analysis showed that no study affected the
overall effect size.

Discussion

The current meta-analysis, which synthesized findings
from twelve meta-analyses, investigated the impact of ASs
on BW and energy intake. The study participant’s mean
age varied from 27 to 66 years. The intervention duration
varied between 5 to 48 weeks. The people included in these
studies were overweight, obese, diabetic or pre-diabetic,
and hypertensive individuals. The number of studies
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Table 3. Effect of ASs on BW, BMI, body fat, and energy intake

Effect size, n ES (95% CI)! P within? 12 (%)* P-heterogeneity*
WMD
AS consumption on weight
Overall 9 -0.45 (-1.15, 0.24) 0.201 87.1 0.000
Type of sweetener
Aspartam 3 1.60 (-1.13, 4.33) 0.251 35.2 0.213
Different types 6 -0.81 (-1.09, -0.54) 0.000 00.0 0.580
Type of comparator
Total 3 -0.80 (-1.88, 0.29) 0.149 41.3 0.182
Sucrose 4 -0.09 (-1.33, 1.15) 0.887 0.85 0.000
Placebo 1 -0.19 (-1.01, 0.63) 0.650 00.00 0.000
Water 1 -1.07 (-1.95, -0.19) 0.017 00.00 0.000
Duration
<10 2 -0.99 (-2.30, 0.32) 0.137 0.43 0.000
>10 3 -0.18 (-1.10, 0.74) 0.701 94.3 0.000
NR 4 -0.79 (-1.80, 0.22) 0.124 47.7 0.125
Study number
<5 5 -0.21 (-1.37, 0.95) 0.718 34.1 0.194
>5 4 -0.59 (-1.48, 0.31) 0.199 95.4 0.000
Study quality
Moderate 6 -0.91 (-1.32, -0.49) 0.000 215 0.272
Critically low 1 0.42 (0.24, 0.60) 0.000 00.0 0.000
High 2 -0.18 (-0.96, 0.60) 0.653 00.0 0.933
AS consumption on energy intake
Overall 4 -0.28 (-1.15, 0.59) 0.527 83.3 0.000
Type of comparator
Total 2 0.05 (-0.88, 0.98) 0.913 84 0.012
Sucrose 2 -0.92 (-1.66, -0.19) 0.014 00.0 0.389
Study quality
Moderate 3 -0.70 (-1.21, -0.19) 0.007 00.0 0.491
Critically low 1 0.47 (0.24, 0.70) 0.000 00.0 0.000
AS consumption on BMI
Overall 6 -0.28 (-0.40, -0.15) 0.000 00.0 0.628
Type of comparator
Total 2 -0.25 (-0.41, -0.08) 0.003 00.0 0.734
Sucrose 2 -0.36 (-0.60, -0.13) 0.002 00.0 0.393
Placebo 1 -0.46 (-0.95, 0.03) 0.069 00.0
Water 1 0.02 (-0.46, 0.50) 0.936 00.0
Study quality
Moderate 5 -0.27 (-0.40, -0.15) 0.000 00.0 0.492
High 1 -0.37 (-1.10, 0.36) 0.321 00.0
AS consumption on body fat
Overall 3 -0.72 (-1.06, -0.37) 0.000 00.0 0.392
SMD
AS consumption on weight
Overall 10 -0.38 (-0.56, -0.20) 0.000 61.7 0.005
Type of comparator
Total 1 -0.40 (-0.58, -0.22) 0.000 00.0
Sucrose 3 -0.69 (-0.99, -0.38) 0.000 50.4 0.133
Placebo 1 -0.28 (-0.81, 0.25) 0.296 00.0 .
Water/nothing 4 -0.24 (-0.47, -0.00) 0.046 00.0 0.692
Placebo/nothing 1 -0.06 (-0.27, 0.15) 0.575 00.0
Study quality
Moderate 4 -0.32 (-0.55, -0.09) 0.007 73.5 0.010
High 6 -0.45 (-0.75, -0.15) 0.004 54.3 0.053
Study number
<10 6 -0.19 (-0.33, -0.05) 0.010 00.0 0.443
10 4 -0.56 (-0.84, -0.27) 0.000 66.5 0.030

'Obtained from the Random-Effect model. ?Refers to the mean (95% Cl). *Inconsistency, percentage of variation across studies due to heterogeneity. “Obtained
from the Q-test
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A

Figure 3. The Forest plot (A) and trimmed funnel plot (B) of effects of artificial sweeteners on body weight based on standardized mean difference analysis

A

B

Figure 4. The effects of artificial sweeteners on energy intake (A) and BMI (B) based on weighted mean difference analysis

A
Effect %
author name (year) (95% Cl) Weight
McGlynn (a) (2022) —_— 060 (-1.03,-0.18) 66.23
McGlynn (b) (2022) : -0.34 (-167.1.00) 871
Miller (2014) —o—;— 110 (1,77, -0 44) 27.05
Overall, DL {I° = 0.0%, p= 0.392) <> 0.72 (-1.06.-0.37) 100.00
T T
2 0 2

B

Figure 5. The effects of artificial sweeteners on body fat based on weighted mean difference analysis (A) and the risk of overweight and obesity following artificial
sweeteners consumption based on umbrella meta-analysis of observational meta-analyses

incorporated into the meta-analyses ranged from 2 to 29.
The result of this study supported the evidence suggesting
that ASs decreased BW in studies reporting SMD, BMI,
and body fat in studies reporting WMD. The meta-
analysis of observational studies reported that increased
consumption of ASs is associated with a significant risk of
obesity and overweight.

In our study, the impact of ASs on BW was examined
in nine meta-analyses reporting WMD. The combined
effect sizes of included studies did not reveal a significant
deduction in BW. In a subgroup analysis of comparator
type, ASs significantly reduced BW when compared to
water. Our result was in accordance with another study
which proved that there was a significant reduction in

BW on AS consumption compared with water.’* Another
study reported that there was no favorable effect of ASs on
BW compared with water.? The selection of studies based
on the inclusion criteria differs among each study, which
would have contributed to this variation in results.

In our meta-analysis of ten included studies that reported
SMD, ASs significantly reduced BW. In a subgroup
analysis of comparator type, ASs had a significant BW
reduction effect compared to sucrose. This loss of weight
might be due to the fact that low-calorie sweeteners could
be an alternative to high-calorie drinks and foods. Weight
loss was observed in a study using aspartame.” Following
our study results, a greater reduction in BW was observed
with ASs compared with sucrose.” The studies included
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in our meta-analysis consisted of overweight or obese
people, which showed the positive effect of ASs on BW.
Moreover, Toews et al indicated a significant reduction in
weight in obese or overweight subjects.?

In our study, ASs did not show a significant effect on
energy intake in an analysis of four included studies. In
the subgroup analysis, energy intake was reduced by AS
consumption compared to sucrose. Similar to our results
of subgroup analysis, AS consumption reduced food
intake for the whole day when compared to sucrose.*
However, a randomized cross-over study found that
ASs do not reduce energy intake, compared to sucrose.”
In contrast to our study results, another study declared
that aspartame showed a significant decrease in energy
intake with all the controls except water.”® Various
factors like a deficit of calories, food type, drink type,
and duration may be responsible for this contrast. Small
fractions of saccharin, rebA, and sucralose have the
potential to induce alterations in the colonic microbiota,
which in turn could either increase or decrease energy
absorption efficiency, thereby impacting BW.* ASs do
not give complete satisfaction to consumers, which may
drive them to seek more food intake and thus cause an
increase in energy intake or no change in energy intake.
Nevertheless, reduced satisfaction does not lead to an
increase in energy intake.* Randomized controlled trials
have reported that alternating natural sugars with ASs
causes an increase in energy intake.”” However, the intake
of energy is still lower with ASs than natural sugars, even
after excess energy intake. Therefore, excessive energy
intake does not necessarily result in weight gain and may
aid in weight maintenance or even weight loss.

The effect of ASs on BMI was reported in six meta-
analyses, and ASs were significantly effective in reducing
BMI. Additionally, the impact of ASs in reducing BMI was
more prominent when compared to sucrose. However, in
contrast with our study result, clinical trials have reported
that AS administration does not show a significant
reduction in BW or BMI.*® Moreover, the non-significant
effects of ASs on energy intake suggested that non-caloric
properties of ASs would be responsible for boy weight or
BMI reduction.”® Majority of the studies incorporated in
the meta-analysis took into account lifestyle modifications
including diet and physical activity, which would have
played a major role in reducing BW and BMI.

ASs significantly decreased body fat in a meta-analysis
of three included studies. The same result was obtained
in another study, wherein there was a reduction in body
fat linked to the consumption of low- and no-calorie
sweetened beverages as replacements for sugar-sweetened
beverages, resulting in calorie displacement.”

Three observational studies reported an association
between ASs and BW. In contrast to the results of
intervention studies, in the meta-analysis of three
observational studies, increased consumption of ASs is

associated with a significant risk of obesity and overweight.
Previously conducted reviews'>! have reported that even
though randomized controlled trials have shown that ASs
were effective in weight loss, inconsistent results have
been obtained from observational studies.

Various meta-analyses of observational studies have
evaluated the impact of ASs on BW, yielding conflicting
results.'’®* A meta-analysis of randomized controlled
trials and prospective cohort studies reported that there
was a moderate positive correlation between ASs and
BMI but not with BW."® Another study reported that AS
consumption will not result in gaining BW."® Another
meta-analysis proved that ASs resulted in gaining BW.*8
Different statistical methods used in different studies and
inclusion criteria variability would have been the reason
for these varying results. The majority of the included
studies for our meta-analysis were conducted on people
who were overweight, obese, diabetic or pre-diabetic, and
hypertensive. Dietary difference, food-disease interaction,
confounding bias and consumer bias may lead to
conflicting results.

The findings of our study guide the effective role of ASs
on obesity indices and thus as a sugar-reduction strategy.
In several countries, there has been a focus mainly on
sugar-sweetened beverages,”® since consumption of
high sugar may lead to diabetes, obesity, hypertension,
and cardiovascular disease.**> Previously water was
considered a substitute for sugar-sweetened beverages.®
Now based on the evidence from our study, ASs can be
used as a substitute for sugar. Especially for individuals
who cannot switch to water and who are habited to sugar,
ASs would be the best alternative. ASs could be used for
maintaining weight loss.*

Strengths and limitation

Evidence was collected and analyzed from both
randomized controlled trials and observational studies.
The major limitation of umbrella review is the inevitable
overlapping. Since most of the studies did not provide
information about different kinds of ASs, we could not
evaluate them. Since the duration of interventions in
a meta-analysis of RCTs varied from 5 to 48 weeks, we
could not study the long-term effect of ASs. Moreover,
observational studies are more prone to confounding bias.

Conclusion

Evidence from interventional studies supports the benefits
of ASs on BW, BMI, and body fat. Contrastingly, evidence
from observational studies has proven that augmented
consumption of ASs is associated with a significant risk
of obesity and overweight which indicates the different
effects of long-term and short-term consumption. Future
studies should be conducted focusing on the types, dose,
and formulations of ASs, to find the overall impact of
using ASs as an alternative to sugar. Use of ASs should be
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used with caution since the long-term benefits and risks
were not assessed.
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